Panax is a genus comprising several species of slow-growing perennial medicinal plants, in the family Araliaceae. They grow in the Northern Hemisphere in eastern Asia (Korea, northern China, eastern Siberia and Japan) and North America, typically in cooler climates. P. japonicus C. A. MEYER (Japanese name; Chikusetsuninjin) is distributed in Japan and south-western China, and has a long rhizome, being morphologically similar to bamboo rhizome. It has been reported that the rhizomes of P. japonicus have an antiulcer action and have been used to treat fibrinolysis, 1,2) antiobesity, 3) and suppression of apoptosis, 4) and to smooth coughs and reduce phlegm.
The identification of species-specific DNA markers of Panax species would be of great importance to discriminate the species. Analysis of well-characterized compounds, ginsenosides, is the most popular method for identifying the Panax species and quality control of ginseng products. 7) The profiles of ginsenosides in roots of Panax species are very similar and affected significantly by growth and storage conditions, and harvest times. Genetic tools are considered to provide more standardized and reliable methods for authentication of plant materials at the DNA level. Using Panax species, the methods developed previously include low-Cot DNA fingerprinting, 8) randomly amplified polymorphic DNA (RAPD) 9, 10) or arbitrarily primed polymerase chain reaction (AP-PCR), 11) PCR-random fragment length polymorphism (RFLP), 12, 13) amplified fragment length polymorphism (AFLP) 14) and microsatellite markers 15) and internal transcribed spacers (ITS) sequences of ribosomal DNA, 16) and microchip electrophoresis. 17) Paran and Michelmore 18) developed a technique known as sequence-characterized amplified regions (SCAR). SCAR markers have been derived from RAPD and AFLP markers and have proven useful in identifying the plants at the intraand/or inter-specific level. SCAR as a PCR based genetic marker is a genomic DNA fragment that is identified by PCR amplification using a pair of specific oligonucleotide primers.
18) The conversion of such markers into SCARs based on the marker sequence information significantly improves the reproducibility and reliability of PCR assays. 18) SCAR markers are highly advantageous for quick and easy assessment. 18) Wang et al. 19) developed a SCAR marker from RAPD fragments to authenticate P. ginseng and P. quinquefolius species.
In this study, a species-specific SCAR marker (named JG14) for P. japonicus was obtained from AFLP fragments. PCR amplification using JG14 specific primers clearly demonstrated the specific band for P. japonicus but not for P. ginseng, P. quinquefolius and P. notoginseng.
MATERIALS AND METHODS

Plant Materials and Extraction of Genomic DNA
Seeds of P. ginseng were collected from Kangwon-do (Hambaek mountain), Kyungi-do (Ansung ginseng cultivated field) of South Korea, Jilin Province (Chang Bai mountain) of China and Primorye (Ussuriysk) in Russia. Seeds of P. quinquefolius were collected from Wisconsin (field cultivated ginseng and wild-simulating ginseng) in the United States. Seeds of P. japonicus were collected from Tochigi (Nikko National Park) and Nagano (two samples from different plants in Nyuugasayama), and Hokkaido (Nopporo Forest Park) in Japan. Seeds of P. notoginseng were collected from Yunnan province (two field cultivated plants) of southwestern China. Dehisced seeds moisture-chilled for 6 months were sowed in soil. After two months of culture, roots of the plants were used to study the AFLP analysis. Total genomic DNA was extracted from ginseng roots with a DNeasy Plant Mini kit (Qiagene, Germany) using the procedure specified by the manufacturer. Two hundred milligrams of samples were frozen in liquid nitrogen, ground into powder, and then the procedure of the manufacturer followed. DNA concentration was determined by absorbance at 260 nm.
Genomic DNA Digestion and Adapter Ligation The AFLP procedure used was that described by Vos et al. 20) To obtain the restriction fragments, 500 ng of genomic DNA was double-digested with 5 units of EcoRI (TaKaRa, Japan) and MseI (TaKaRa, Japan) for 12 h at 37°C. After addition of ethanol, DNA was precipitated by centrifuge at 14000 rpm for 30 min. The ends of double-digested DNA fragments were ligated with EcoRI and MseI adapters for 12 h at 14°C (Table 1) . After ligation, a 10-fold diluted DNA solution was used for pre-amplification.
AFLP Analysis Each 20 ml PCR mixture contained 5 ml DNA, 2 ml dNTP (0.2 mM), 0.5 ml DNA primers (Table 1) , and 2 ml Taq DNA polymerase (EX Taq, TaKaRa, Japan). Amplification was performed in a DNA thermal cycler (Applied Biosystems 9800, Foster City, CA, U.S.A.) for 20 cycles. The initial cycle was 2 min at 94°C. Subsequent cycles were 30 s at 94°C, 1 min at 60°C, and 1 min at 72°C, followed by 10 min at 96°C for the last cycles. Pre-amplification PCR products were diluted 50-fold with water and used for selective amplification. The amplification mixture (20 ml, final volume) contained 5 ml pre-amplification mixture, 2.0 ml 10ϫbuffer, 2 ml dNTP, 0.5 ml DNA primer (E1-5 and M1-2 of Table 1 ), and 2 ml Taq DNA polymerase (EX Taq, TaKaRa, Japan). After 30 s at 94°C, 30 s at 65°C, 1 min at 72°C for the first cycle, followed by a lowering of temperature (1°C) in the next 12 cycles, then at 56°C for the remaining 23 cycles; extension for 1 min at 72°C. Amplified samples were loaded onto a 6% denaturing polyacrylamide gel (5.75% Long Ranger, BMA U.S.A., 7 M urea, 1ϫTBE) and electrophoresed for 4 h at 15 mA. The gel was fixed in 10% acetic acid and silver stained.
Cloning, DNA Sequencing and SCAR Primer Design Amplified specific bands were excised from AFLP gel with a razor blade and the DNA extracted using the QIAquick Gel Extraction kit according to the manufacturer's instructions (Qiagen, Valencia, CA, U.S.A.). Ligation of the PCR product was carried out with a pGEM-T Easy vector (Promega) according to manufacturer's instructions and then re-amplified alongside the original AFLP reactions to ensure that the correct bands had been cloned. The purified ligation reaction was diluted with 50 ml water, and a 5 ml aliquot was subsequently mixed with 40 ml competent cells and placed on ice for 1 h and then placed into a cuvette and electroporated (GenePulser; BioRad, Hercules, CA, U.S.A.). One milliliter of LB medium was added immediately following electroporation and incubated for 1 h at 37°C with shaking, after which a 200 ml aliquot was plated onto LB agar plates containing ampicillin, IPTG and X-gal and incubated overnight at 37°C. Up to six white colonies from each transformation reaction were streaked onto LB plates to produce single colonies.
Plasmid DNA was extracted from overnight cultures of transformed bacterial cells using the miniprep procedure, 21) and samples were diluted 1 : 50 in sterile water. Ten-microliter aliquots of the diluted miniprep were mixed with 6 ml sterile water 10 buffer (Roche) and 2 ml EcoR1 restriction enzyme (Roche) and the reactions incubated at 37°C for 1 h. The entire reaction, along with 5 ml of a 1-kb ladder (Gibco-BRL, Gaithersburg, MD, U.S.A.), was electrophoresed on a 1% horizontal agarose gel and stained with ethidium bromide. Two sequencing reactions were set up using 1 mg of plasmid DNA combined with 4 ml of M13 forward and reverse primer, respectively. These reactions were brought up to a total volume of 18 ml with sterile water. DNA sequencing was performed using pUC/M13 primers on an automated sequencer (Applied Biosystems 9700). The forward and reverse primers were designed using primer select (DNAStar).
Melting temperature, GC and molecular weight were verified using oligo software.
PCR Analysis The designed SCAR primer pairs (one forward and one reverse primer) were used to test the four Panax species (P. ginseng, P. quinquefolius, P. notoginseng and P. japonicus). Testing was done to ensure amplification of the band with the exact molecular weight and determine optimal annealing temperature. Two different annealing temperatures (58°C, 62°C) were screened to determine the optimal annealing temperature. The PCR reaction to amplify the SCAR marker consisted of 32 cycles, each one consisting of a 30 s step at 94°C, a 1 min step at 58°C or 62°C, and a 1 min at 72°C. PCR products were run on a 1.5% (w/v) agarose gel and stained in ethidium bromide as stated above. The presence or absence of the SCAR band was visually scored and compared with samples of each species.
RESULTS AND DISCUSSION
AFLP Analysis AFLP is based on selective PCR amplification of restriction fragments from a digest of total genomic DNA using PCR. The AFLP analysis procedure is more time-consuming than RAPD. 18) However, a major advantage of AFLP markers is their capacity to reveal many polymorphic bands in one lane compared to RAPD markers.
18) The AFLP primers shown in Table 1 were screened for polymorphism among Panax species. The number of AFLP bands generated from Panax samples ranged from 65 to 73 in each primer combination. Every primer showed distinct polymorphic fragments. EcoRIϩTA/MseIϩGTT primer combination showed about 15 polymorphic AFLP bands in P. japonicus compared to those of P. quinquefolius and P. ginseng. Polymorphism was greater in P. japonicus compared to P. quinquefolius and P. ginseng. This confirms that the distinct polymorphic bands by the AFLP technique among the different Panax species can be used as a molecular marker to authenticate the Panax species. We previously described clear polymorphic bands between South Korean P. ginseng and Chinese P. ginseng by AFLP analysis that could be applied to authenticate Korean P. ginseng from Chinese P. ginseng.
14)
Isolation of AFLP Fragment for SCAR Marker Design
An AFLP fragment (JG 14, arrow marked in Fig. 1 M1: GAT GAG TCC TGA GTA ACT G GACGATGAGTCCTGAG M2: GAT GAG TCC TGA GTA AGT T Reverse: TACTCAGGACTCAT and reverse oligonucleotide primers (23 mer) (underlined in Fig. 2) were designed from 192 bp of the sequence of JG14 to amplify this AFLP fragment. The primer sequences were: JG14-F: 5Ј-GGAATGGCATGCATAGATATGGA-3Ј and JG14 -R: 5Ј-GTGTGCATGTCATTACCCCGAAA-3Ј. BLAST results revealed that the sequences had no homology with known plant nucleotide sequences at sequence-similarity levels. PCR Amplification Using SCAR Primers Among the four kinds of Panax species tested, P. ginseng, P. quinquefolius, P. japonicus and P. notoginseng, the JG14 SCAR marker primers isolated from the AFLP fragment from P. japonicus showed a clear band (191-bp) by PCR for P. japonicus but no band in P. ginseng, P. quinquefolius, and P. notoginseng (Fig. 3) . PCR analysis using the JG14 SCAR marker primers using various samples of P. ginseng, P. quinquefolius and P. notoginseng collected at different places showed no PCR band except for samples from P. japonicus (Fig. 4) . The optimized protocol is described as follows. Each reaction consisted of 2 ml genomic DNA, 10.3 ml sterile water, 2.5 ml 10ϫPCR buffer (12 mM MgCl 2 added), 2 ml of both the forward and reverse primers, and 0.2 ml Taq polymerase. The optimized amplification program requires an ini- tial denaturation of 5 min at 94°C; 32 cycles of 30 s at 94°C, 1 min step at 62°C and 1 min at 72°C; a final extension of 5 min at 72°C (Fig. 3B) . Lowering the annealing temperature to 58°C was also showed distinct PCR product in P. japonicus (Fig. 3A) .
PCR analysis of different samples of P. japonicus collected from different places in Japan indicated that the JG14 SCAR fragment was conserved in all samples of P. japonicus distributed throughout Japan (Fig. 5) . The SCAR primers were used to amplify P. ginseng, P. quinquefolius, P. notoginseng and P. japonicus.
Species authentication of P. japonicus among the other three Panax species was clearly demonstrated using this JG14 specific primer. This report is the first describing SCAR marker development for the authentication of P. japonicus. SCAR markers have been developed from RAPD fragments for the authentication of P. quinquefolius. 19) In conclusion, a species-specific SCAR marker for P. japonicus was obtained from AFLP fragments. PCR amplification JG14 specific primers clearly demonstrated the unique band only in P. japonicus and not in P. ginseng, P. quinquefolius and P. notoginseng. The SCAR markers for P. japonicus will be used for rapid authentication of this species. 
